Background and Objective: Postranslational modification of proteins can lead to the production of autoantibodies and loss of immune tolerance. This process has been hypothesised to be a critical factor in the pathogenesis of rheumatoid arthritis. The objective of this study was to demonstrate that inflamed human gingival tissue provides an extrasynovial source of malondialdehyde-acetaldehyde adducts, citrullinated and carbamylated proteins all of which are considered to be linked to the development of rheumatoid arthritis. Identification of such modified proteins in inflamed gingiva may explain, in part, how inflammation of the periodontal tissues may influence the development of rheumatoid arthritis.
Material and Methods:
Gingival biopsies of healthy, mild and moderate periodontitis were triple stained with antibodies against malondialdehyde-acetaldehyde adducts, citrullinated and carbamylated proteins.
Results: Assessment of healthy gingival tissue revealed negligible staining for carbamylated, malondialdehyde-acetaldehyde (MAA), or citrullinated proteins. Mild periodontitis was positive for all three modifications. Furthermore, there was an increase in staining intensity for carbamylated, citrullinated and MAA-modified proteins in moderate periodontitis. Negative staining results were observed for the isotype controls.
Conclusion:
This study provides evidence for the presence of citrullinated, carbamylated and MAA adduct modified proteins in inflamed periodontal tissues. The potential for these proteins to play a role in autoimmunity in a multi-system inflammatory syndromic disease model now needs to be determined.
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| INTRODUCTION
The relationship between periodontitis and rheumatoid arthritis (RA) has received considerable attention in recent years. It has been proposed that these two diseases are interrelated through common pathogenic mechanisms. 1, 2 Many studies have demonstrated that the relationship may be bi-directional in that periodontitis can influence clinical RA parameters and, conversely, RA can influence the manifestation of periodontitis. 3 Interestingly, treatments for both conditions can influence each other. 4, 5 Rheumatoid arthritis is an autoimmune disease characterized by the presence of auto-antibodies. The recognition that autoantibody production to citrullinated proteins plays a role in its development and/or progression of the disease has been a significant advance in understanding the pathophysiology of RA. [6] [7] [8] ACPA have a high predictive value for the onset of RA several years before the disease is evident clinically and are also associated with more severe and worse clinical outcomes. 6, 7 In addition to citrullination, a process known as carbamylation can also lead to post-translational modification of proteins resulting in the production of autoantibodies that are elevated in patients with RA. 9 Most recently, it has been noted, that malondialdehyde-acetaldehyde (MAA) adduct formation, as a result of inflammation-associated oxidative stress, is increased in RA patients and that the antibody response against these post-translationally modified proteins are intricately associated with ACPAs and potentially act as another factor leading to tolerance loss and the robust autoimmune response observed in RA. 10 All three of these responses, citrullination, carbamylation and malondialdehyde-acetaldehyde adduct formation, can arise due to inflammatory reactions occurring outside of the synovium. 11 Since the development of periodontitis is a gradual progression, initially involving the development of gingivitis with subsequent extensive inflammatory-mediated tissue damage leading to periodontitis, we and others have proposed that the inflamed periodontium associated with gingivitis and periodontitis may be an initiating source of autoantibody production and the loss of immune tolerance. 12 To date, all of the focus of this concept of induction of autoimmunity and loss of tolerance as a linking feature for periodontitis and RA has been towards citrullination. Here, we propose that not only does citrullination occur in inflamed periodontal tissues, but these tissues can also act as a significant source of protein carbamylation and MAA adduct formation. Therefore, the aim of this study was to identify the presence of all three postranslational protein modifications in inflamed human periodontal tissues and confirm the periodontium as a source of extra-synovial citrullination, carbamylation and MAA adduct formation.
| MATERIAL AND METHODS

| Gingival tissue biopsies
Human ethics approval was obtained from the University of Adelaide and all patients signed informed consent for the use of the excised tissues. General inclusion criteria included dentate patients (at least 20 teeth) willing to participate in the study. General exclusion criteria included patients who would not give informed consent, aggressive periodontitis, obvious endodontic infections or other sources of oral infection, pregnant or lactating females, patients with a significant medical history indicating evidence of known systemic modifiers of periodontal disease such as type I and II diabetes mellitus, osteoporosis, disorders of cellular immunity (eg AIDS, cyclic neutropenia, or other known specific leukocyte defects which we know predispose to periodontitis) and medications known to influence the periodontal tissues (eg calcium channel blockers, phenytoin and immunomodulatory medications such as cyclosporine). Smokers were also excluded.
Biopsies of inflamed periodontal tissues (n = 6) were obtained following periodontal surgery as part of routine patient management protocols at the University of Adelaide Periodontal Clinic.
Chronic periodontitis was classified and graded using clinical (attachment loss and pocket depth) and radiographic assessments as mild or moderate. 13 Accordingly mild periodontitis cases (n = 3; age matched = 65 years old) were identified as having probing depths be- 
| Triple staining immunohistochemistry
Slides containing the gingival sections were dewaxed, dehydrated Figure 2C ). Negative staining results were observed for the isotype controls ( Figure 2D ).
| DISCUSSION
Evidence for the relationship between periodontitis and RA is accruing at a considerable pace. However, the precise mechanisms that are associated with, or drive, this relationship are far from clear. A number of hypotheses have been presented over the years to explain how these two diseases might be interconnected. 1, 12 These have included immune/inflammatory dysregulation, common pathways of osteoclast activation and vascular damage and citrullination leading to tolerance loss. 1 Of these, citrullination has To date, the focus of periodontal citrullination has been largely targeted towards the role of the periodontal pathogen,
Porphyromonas gingivalis, and its ability to citrullinate proteins through its own peptidyl arginine deiminase (PPAD). 15 However, while this is an attractive hypothesis, neither P. gingivalis nor PPAD have been demonstrated in the early inflammatory lesion associated with the development of periodontitis. 16, 17 Conversely, inflammation is the hallmark pathologic feature of both gingivitis and periodontitis and, thus, we propose that it is the inflammation (not bacteria) occurring very early in the development of gingivitis and periodontitis that has the capability to induce posttranslational protein modification, autoantibody production and subsequent exacerbation of the RA lesion. Furthermore, such a response is in keeping with recent observations that experimental animals with a pre-existing chronic infection or periodontitis develop experimental arthritis at a faster and more pronounced rate than non-primed animals. 22, 23 In conclusion, this study provides evidence for the presence of citrullinated, carbamylated and MAA adduct modified proteins in inflamed periodontal tissues. The potential for these proteins to play a role in autoimmunity in a multi-system inflammatory syndromic disease model now needs to be determined. 
